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Abstract

The objective of this study was to describe general approaches of dose-response
meta-analysis that are available for quantitative synthesis of data using R software.
We conducted a dose-response meta-analysis using two types of data that included
difference in means in continuous data and odds ratio in binary data. The package
commands of R software were doseresmeta for overall effect sizes that were separated
linear model, quadratic model, and restricted cubic split model in order to well
understanding. The effect size according to dose and test for linearity were
demonstrated and interpreted through analyzing one- and two-stage DRMA.
Especially authors stressed several flexible modellings of exposure for pooling of
study-specific trends and graphical presentation of the dose-response trend.

This study focused on the practical methods of dose-response meta-analysis rather
than theoretical concepts for Korean researchers who were non-majored in statistics.
Through this study, authors hope that many Korean researchers will use R software
to perform a dose-response meta-analysis more easily and that related research will

be activated.

Keywords: Meta-analysis, Dose-response, Quadratic model, Restricted cubic spline,

Non-linearity, dosresmeta.
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Greenland and Longnecker [5]= ZEZHF(referent group)2t 2 =T FIHE
(exposure dose level) QB EO| AtEtd(correlation)g Etst ZEAXZEH
(generalized least-squares regression)g 283t M&H(linear trend) FHst= HHS
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restricted cubic splineg oA "rms” I{7|X| = M X|SHCE.

-install.packages("dosresmeta")
-install.packages("mvtnorm")
-install.packages("ellipse")
(
(

-install.packages("mvmeta")
-install.packages("rms")

St RO e SX GEREAES AHAShs DH7|X] “meta’, "metafor” 2|1
“rmeta"T O|2| AX|8}| E=LC}

-install.packages("meta")
-install.packages("metafor")
-install.packaqges("rmeta”)
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HAZH0| ZOoE oM LtYZ ofefe| WHOZ RO HZ22|0 =2{=Ct HIHX|
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2 “drma_bin.csv’ OIS 2 X FSAM X[FHE AHUZC 0| D0 FO{0FatCt.

-data_bin <- read.csv("drma_bin.csv", header=TRUE)

read.csve csvIlUES £ St4+EA OIHUY “drma_bincsv'E 22{QFA mYUQ)
MHR HEHES OCjE 2CHs S£0|C (header=TRUE). O|Z A ZYEl Y2 R O

22| M= data_bin 0|E92| O|O|HZ XZEt=IC}.
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DHEE 240 0717 &AM Mool MAEHQ FS YOtET| 50 AFE
(scatter plot)2 Z12{E X}
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ZIC} 2FA data_bin HIO|HO| 712 9EZQ X} B ¥
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-data_bin$inver_se <- 1/data_bin$se

da=

rir

2etH o2 AEE|= ggplot2 I{7[X|E ALETHEL

library(ggplot2)
-ggplot(data_bin, aes(dose, logrr, size=inver_se)) + geom_point(shape=1, colour="black") +
scale_size_area(max_size=20)

ggplot2 W7|X|E Ojzz|of 2Yot CtZ 47| QXSS AU=ZE FojECch TH|

Mziel &

ot

o] =0 HEHW ggplot FE2 defz=o HHEO[LD O[0X|=
geom_point?} scale_size_areas 7Y =& HMAES| BIS= SME0|CtH
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Figure 20 &%f(dose)2t 213 7|(logrr) 7He| MEEE LIEILIRUCE 7HE EETEH=E
BMIZ|IE & = AW Yol V| EFERXL 90|22 {0| 25 FLUS
1 E2 AFAS Y 5= ULt (Figure 2).
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& & Tk W2HM 01 CIYS 24 BUSS B0 AYHRES oK}

SY-Ht3 HEIEM S HASH7[98] “dosresmeta” T{F|X|E 2 FA[ZICE
library(dosresmeta)

dadds 718t 240 S ofLe] S22 NEoty 242 AR

Jin_bin <- dosresmeta(formula = logrr ~ dose, id = id, type = type, se = se, cases = cases,
n = n, data = data_bin)
-summary(lin_bin)

dosresmeta 2t=0f O{2f Ql<=(argument)E HO{M HFE2A R linbing BHECL

formulas EF-2tS HEHEAMOM 2T 2HEM Z2 7IsS ot MEkM

formula CH20| Z4 40l logrg W1 '~ CHSO| S M40l doseS 9I%|A|ZICt

O|= id, type, se, cases, ng &1 O] H=50| QU= H|O|H data_bing HA[THCL
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-dosex_bin <- data.frame(dose = seq(0, 80, 1))

-with(predict(lin_bin, dosex_bin, order = TRUE, exp = TRUE), {

plot(dose, pred, type = "I", col = "blue", ylim = (0, 2),

ylab = "cardiovascular disease relative risk", xlab = "alcohol consumption, grams/day")
lines(dose, ci.lb, Ity = 2)

lines(dose, ci.ub, Ity = 2)

)

dataframe 3HSZ ALRSI0] 22ES 00|A] 807X 1THSE DHSO(M J2jmZo| X=
Ol dosex_bing MZA3ICE 2 OO|H = O|0{X|= O|Xt2AM 2 El(quadratic model)dt

O =

MXEA EE(cubic spline model)OA = SLUSHH X=S2 2 AR E| O TIC

df=E ddl= BZOl= withO|st7t 5 oA O Z-T|0{oF otot.
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S| 7| HtEECY.
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-quad_bin <- dosresmeta(formula = logrr ~ dose + I(dose”2), id = id, type = type, se = se,
cases = cases, n = n, data = data_bin)
-summary(quad_bin)
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‘with(predict(quad_bin, dosex_bin, exp = TRUE), {
plot(dose, pred, type = "I", ylim = c(0, 15),
ylab = "cardiovascular disease relative risk", xlab = "alcohol consumption, grams/day")
lines(dose, ci.lb, Ity = 2)
lines(dose, ci.ub, Ity = 2)
Y
-points(dosex_bin$dose, predict(lin_bin, dosex_bin, exp = TRUE)$pred, type = "I", Ity = 3, col
= "blue")
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spl_bin <- dosresmeta(formula = logrr ~ rcs(dose, knots_bin), type = type, id = id, se = se,
cases = cases, n = n, data = data_bin)
-summary(spl_bin)
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=& YO{E [ restricted cubic spline(rcs) &0 2kt M 23 S =2 2 3
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‘waldtest(b = coef(spl_bin), Sigma = vcov(spl_bin), Terms = 2:3)
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B AXEA 2Y Oz
Figure 50 &xtEM RHZ T Ao|SHRUCEH
xref_bin <- 0
-with(predict(spl_bin, dosex_bin, xref_bin, exp = TRUE),{
plot(get("rcs(dose, knots_bin)dose"), pred, type = "I", ylim = c(0.4, 10),
ylab = "cardiovascular disease relative risk", xlab = "alcohol consumption,

grams/day", log = "y", bty = "I", las = 1)
matlines(get("rcs(dose, knots_bin)dose"), cbind(ci.ub, ci.lb), col = 1, Ity = "dashed")
Y
-points(dosex_bin$dose, predict(lin_bin, dosex_bin, xref_bin, exp = TRUE)$pred, type = "I",
Ity = 3, col = "blue")

Jdejz FFHOof st 22 dEEA 2 SUSILh xref bin2 &8 HEH
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-pre_bin <- predict(spl_bin, dosex_bin, exp = TRUE)
-pre_bin$ci.ub - pre_bin$ci.lb

Restricted cubic spline RO =S B5F FICIS AMEZ| 70| Z2& AHASHEH
ZA1E consoledf| &2F 179m|Q| gf 026792 M 7t =0 F2 A2 & = UCH
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1.2. A=< (continuous data) O XXl =

1) Hole 28 H =827

g8-HS HEEAS

et &y od=zM of=o EFo mE =Y

-0

(schizophrenia)2| M EE =73l= PANSS (positive and negative syndrome scale) &=
X|E Ro| Of&| H|O|E{O|A &S} RALCH (Supplementary material Table S2).
HYEMM Z0E oA ZtEE ofaiel FHO=Z Rol HE2|of S2H2LF SHIHX]
Fo|gd 2 ROM= €822 28 #Xut(csv)el HEIE M2t Appendix 2
=2 “drma_con.csv’ ZHOZ XAESIAM X|™HE ZHAZE0| L0 FO0{0FsiC].

-data_con <- read.csv("drma_con.csv", header=TRUE)

0

read.csv= csVLIYS E8= T2 AM I Y “drma_con.csv'E =S {QFA L 9|

ot

JBIR B0 OC)|2 2CH= 0|0 (header=TRUE). O|2 A 2l mele R O

D 2|0||Al= data_con O|£9| {|O|HZ2 XNZEE=ILCT

2) MdE8XM o E (linear model)

SY-U2 HEFZAS AR57|9/e) "dosresmeta’ Tf7|XIS ZFAIZICE
library(dosresmeta)

%A AAB 0|2

—

0%

OiMAtzet 282 WEE FASIH Xo[7t L= 82200 S
i 2Fot=F oAUt

Jin_con <- dosresmeta(formula = y ~ dose, id = id, sd = sd, n = n, covariance = "smd",
data = data_con)
-summary(lin_con)dosresmeta
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20 o8| Ql=(argument)E ZOIM MAEM Z2E lin_cong PHECL}E formulas
E-0-8 HEIEAMM LB 3HEM 22 7|52 ook M2k formula TS0

S48 y2 YD '~ 430 SFWSQl doseS 9IXAIZICE 0% id, sd, n

(absolute mean difference)E L}E}HCE.
FEE 2FA+E 0.01530|H SAH2E FoSIYULE (p <0.0001). &, A=

o 1 Tkt =

rot
O

Xl= 00153 375t A= LIEFILCE

1

- -
o
bl =

1A

-

o[24d

mjo
o
ro

Q= Cochrane Q statistics@| p-value(0.5831)2} 12 Zt(0%)

= MAlsted 2 dd2d RE2 O|2Y0| EMSCHE A =olg = UL

W MEEM 2Y Jz

Figure 7_a0| MEEM DES T AlSISIALCE

-dosex_con <- data.frame(dose = seq(0, 30, 1))
-with(predict(lin_con, dosex_con, order = TRUE), {

plot(dose, pred, type = "I", col = "blue", ylim = c(0, .6),

ylab = "schizophrenia score", xlab = "medicine dose level, mg/day")
lines(dose, ci.lb, Ity = 2)

lines(dose, ci.ub, Ity = 2)

D

dataframe &2 AF2SI0] 222 00[A 307HK| 1CEHQ2 OIS O|A Jdj=o| X=
ol dosex_conZ H7otCt. & H|O|H& O|0{X[= O|XtZ4A & E(quadratic model)1t

APKFE M o El(cubic spline model)OME SAUSIAH XE2 2 AMR &0 RICH
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JPZS dals BHOIS witho|sh7t BE SHHMO| AME|ofof Bt
withe =25 gy O =g HOoHE HE X|F3e= AOICh predictz=0f

MEEM T (lin_con), 2= 2| X=(dosex_con)S AHHLCHZE L O{&=CL 4= withQ

LiE2 HEZHZHO & 00|A 307tX| 1EHRIZ St oA e 22

gol o=Fgs 7ML d =& 227 Che 2|0|olLt.
O[O{A plot2 X=0f dose, Y=Of pred0f CiSdts &4 A2i=E JEICh LA

YHO= A8S 27(FA 5t7|fle S80[L Yel2 FIV/MANEHAM 20l o

S|7| HFEC}.

ylim=c(0, .6)= Y&S 00(|Al 0.6AL0|2F HEA[St= ALz e =ES|oF a2i=rt X
oA EHEICE OMX|Y £F linese 2tZF 95% ME[F7t2 Moz FIt6iete B

FO{0|C}.

M

—

ot

=4 ZEO oFASE MY et SEotA 0| Wt =7t
S7tots FEHE LIEtHCE S0 ofetd 20| = 5F +X0|0 or2fel

M0| 95% AZ[FZHO|Ct (Figure 7_a).

3) O|XtEM =2 E (quadratic model)

AN MHHS JPYH 2AO| OfH OXEN WS DHSO|BX 2T wye
8YS MT WESs HOICh FUASE MEOs wHS o MyEM pum
SUsin BY MYA SYHATL SYW Y NJweo| FItEC

-quad_con <- dosresmeta(formula = y ~ dose + I[(dose”2), id = id, sd = sd, n = n, covariance
= "smd", data = data_con)
-summary(quad_con)
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dosresmeta &=E AME%ICt formulaldf Z&H0l yE @1 '~ C130] S
Ol dose@t dosel| MBS X|A|ZICL O|Z id, sd, n ZZt A, EZHA}, FE
O|Ct 2 ZHL quad_cono2 MHEIC}

MA 2Y XStz = p-valueZt 0.0001 O|5tE2 {Qo|st REO|LCE

Y& dose| 3|FA £ 0.04610|H EANMLZ FOISHALL (p <0.0001). =, °f

=2 80| 1 ZI15tH o =X|= 0.0461 S7I5t= A2 LIELGCE
LSt O|AME Eold 4= U= Cochrane Q statistics©| p-value(<0.0001)2F 2 Z4H(0%)

2M 0|ZY0| EXfoittt= A =E + YALCL

W O[XzZH4 2 =

‘with(predict(quad_con, dosex_con, order = TRUE), {
plot(dose, pred, type = "I", ylim = c(0, .6),
ylab = "schizophrenia score”, xlab = "medicine dose level, mg/day")
lines(dose, ci.lb, Ity = 2)
lines(dose, ci.ub, Ity = 2)
D

-points(dosex_con$dose, predict(lin_con, dosex_con)$pred, type = "I", Ity = 3, col = "blue")

ez FHFEoof oiet 22 MY

4 ZEn 5 USICH

Hr

CHOE ylim=c(0, .6)= YZS 00|A 0.6AI0|BF HA|St= ZHoE ZtS ARES|OF o=
7t MESHAH ®mHEICL
OFX|2F pointse MAEEAM DEE ZH2 O8I0 EAISH?| 28t EEO0{0|LCt.

O[XHEA ZHOMO| YHAKIS MHEAM DHUD 7t C+E HEfS Lbepuct 8

on 20-258 7[H22= g4 gadts AS & & Utk WaEtM OfkEYy 23

of =™ o= 0| 20-25 7|E22 d5it otd= Eole 22 ZYO0|Ch
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4) MXHEM R E (restricted cubic spline model)

Y SLSHX|T a0 AMM ST

89| FtE MEgoto] FZtE U300 et fIEsX|S L£O0toF ohot.

dibrary("rms")
-knots_con <- quantile(data_con$dose, (.05, .5, .95))

ROJM = “rms"IN7|X|E E3}0 restricted cubic spline(Xf|st=l Xt F7t22H0|7ts

—

IC}. quantiledt=0f H|O|E{Z X|MSITIS HIEHEE 5% 50%, 12|10 95% 77tS

rir

SUBICL 8 T2 BT et Wl MBS ZWICL NZj BS BT

2) 8 7 =@ HA) e

-spl_con <- dosresmeta(formula =y ~ rcs(dose, knots_con), id = id, sd = sd, n = n, covariance
= "smd", data = data_con)
-summary(spl_con)

dosresmeta @t=E AtESICE formulad| ZHH,0 yE @1 '~ CH30| SEHS

2

OHr
rlo
ol
o

£ YO0{E [ restricted cubic spline(rcs) &0 2kt &AM 23 S

4

=)
mjo
OHL
rir

Cl. O|= id, sd, n2 Y1 0] H4=E50| Q= [|0|E data_conS HA|SHC]

o
e

A2 spl_cone 2 AN EICE
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MH 2 Motz p-valueZt 0.0001 O|StE 9|t

H
ne
)
o
ok
oz
Hn
o

u
4
N
g

Sl My Y

oz
mjo

oA etz Xt2E EEet A0

L 88 #UE AdXIE diiMot= A2 2[of7t glth

@
0o
o
4
r¥
40

e (=2l HAT)e ddd 43

Hiddds 7rdet 240 7t Sttt F22 8 FUE =
SAH2E ROSHA M2 X0|7} Lh=7tE d8ot= AO|C TeF Mz Rolgh Xt

O|F EO|X| =Lt ?2l= ojds WY

Lol_ Lo

0x

0]

0

Chn mERE 4 ck

¥ dS 7t8e 240lM 87t & F&22 7I=7]7F Xo[7t Li=X] AE8HE

‘waldtest(b = coef(spl_con), Sigma = vcov(spl_con), Terms = 1:2)

ddd 48t Y0 = waldtest O|Ct. EFFZF HERMLL FHM2| joint 7|7

HEIHEd2 HO : dosesl=doses2=0 O|C}.

WaldtestZ 1l p-values= 0.00010|3t2A £ D2 HMHPMHO| /ASS & £+

\
£0
[l
il

|.

agiLt 2 s

0

1 O| K| & & restricted cubic splineQ2 22F 17t2 Al

0

27t ofstz
3

z2det B2 AW 7ol FH Xz XH0]7] {E20| waldtestE S¢ot M¥d

siMo| F2o|F 7|=0ofettt. =, waldtestg oA & F7tel HEY HEZNMS

UOtS XA OtL|H AW FZHRAXR AHH)S| 2| A2 Roldez ddds &

CHojoF &X| SNl dE7F ERSiC.
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B AMXEAM DE Jaf=

Figure 7_b0j| AXtEM ZES T ASISHALCE

xref_con <- 0
-with(predict(spl_con, dosex_con, xref_con){
plot(get("rcs(dose, knots_con)dose”), pred, type = "I", ylim = ¢(0, .6),
ylab = "schizophrenia score”, xlab = "medicine dose level, mg/day”, bty = "I", las = 1)
matlines(get("rcs(dose, knots_con)dose"), cbind(ci.ub, ci.lb), col = 1, Ity = "dashed")
)
-points(dosex_con$dose, predict(lin_con, dosex_con, xref_con)$pred, type = "I", Ity = 3, col
= "blue")

JPHZ BHOO) Cht MBS MR DI SASICE wef con® 8 HEWS
2 £F X2 AFete HOITh 5 A0l 002 MFYjED gz Do

et x

rot

b},
ylim=c(0, .6)= Y=Z 00X 0.6AI0|TF HA|SH= ARE g8 ZESO0F Jej=71 H

Z2otA #HEC OHX[8 pointse MHEEA RAE: Z2 0 &#ASH| 2t B

oz
>
A
1z
Ha
I
=2
x
10
o
oo
H1
rr
r>—
0%t
Ao
1x
Ha
jInd
i=]
19
=)
|
il
0%t
)
i
I
m
=
Rl
r2
o
>t

82| S7tol| mar o 207K FARSHA|ZE O|=0l= fIF=7t Haotks d0|
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Figure legends

Dose-response meta-
analysis using the
“dosresmeta”
packages

EMERIE] * Appropriate raw data for dose-response meta-
(data coding) analysis (e.g., study type, dose, event, sample
size)
¢ * Present determination of the exposure dose
“HRIT 24

(single study analysis) + Calculate the effect size of individual study
and the overall effect size (e.g., forest plot,
‘ Cochran Q & 12)

CHSoT 24
(multiple studies analysis)

v

MYEEE JPge 2

Analysis assuming linearity

CHAITAZE S| A ME
(regression coefficient
by one dose group)

i

0|& Tz
(prediction graph)

v

HIMEEE 7HER 24

Analysis assuming nonlinearity

HEgY 3%
(if linearity)

8 dxg =28

Division by dose group

Uy 2Y 8Y YFY OSTY SIS A&
(test for linearity) (regression coefficient by
several split dose groups)
HIMEYY Z9 v
(if non-linearity) o= T2z
(prediction g;aph]
OIS 224z Agt

(prediction graph combine)

Figure 1. Flow chart of dose-response meta-analysis using R “dosresmeta” package.
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O

dose

Figure 2. Scatter plot of binary sample data.

@
o

1.5

1.0

cardiovascular disease relative risk

0.0

T T \ T \
0 20 40 60 80

alcohol consumption, grams/day

Figure 3. Linear model of binary sample data.
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10

cardiovascular disease relative risk

alcohol consumption, gramsfday

Figure 4. Quadratic spline model of binary sample data (ref=0)..
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10.0
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20 7

1.0 7

cardiovascular disease relative risk

0.5 7

alcohol consumption, grams/day

Figure 5. Restricted cubic spline model of binary sample data (reference=0).
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10.0

cardiovascular disease relative risk
(%]
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|

05 7

0 20 40 60

alcohol consumption, grams/day

Figure 6. Restricted cubic spline model of binary sample data (reference=17).
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medicine dose level, mg/day
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0.3 7

schizophrenia score

02
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25 30
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medicine dose level, mg/day

Figure 7. a, Linear model. b, Restricted cubic spline

(ref=0).
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model of continuous sample data
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